All N. meningitidis strains described in this study were derived from the recently sequenced 8013 serogroup C strain [http://www.genoscope.cns.fr/agc/nemesys] (1). N. meningitidis strains were grown on GCB agar plates (Difco) containing Kellogg's supplements, in a moist atmosphere containing 5% CO 2 at 37°C. GFP was expressed by introducing the pAM239 plasmid by conjugation (2). The non-adhesive pilE and pilC1 strains are described elsewhere (3, 4) . The pptA mutant (8013 pptA:: mini-Himar1) used in this study was derived from a library of transposition mutants described elsewhere (1, 5) . In-frame deletion of the pptB gene was introduced into the N. meningitidis chromosome by allelic exchange using the spectinomycin cassette from the pT1Ω1 plasmid (6). To complement ∆pptB mutants, the WT pptB ORF was cloned in the pGCC4 vector, adjacent to lacIOP regulatory sequences (7) and introduced into the chromosome by homologous recombination.
Materials and Methods

Bacterial strains and mutagenesis
All N. meningitidis strains described in this study were derived from the recently sequenced 8013 serogroup C strain [http://www.genoscope.cns.fr/agc/nemesys] (1) . N. meningitidis strains were grown on GCB agar plates (Difco) containing Kellogg's supplements, in a moist atmosphere containing 5% CO 2 at 37°C. GFP was expressed by introducing the pAM239 plasmid by conjugation (2) . The non-adhesive pilE and pilC1 strains are described elsewhere (3, 4) . The pptA mutant (8013 pptA:: mini-Himar1) used in this study was derived from a library of transposition mutants described elsewhere (1, 5) . In-frame deletion of the pptB gene was introduced into the N. meningitidis chromosome by allelic exchange using the spectinomycin cassette from the pT1Ω1 plasmid (6) . To complement ∆pptB mutants, the WT pptB ORF was cloned in the pGCC4 vector, adjacent to lacIOP regulatory sequences (7) and introduced into the chromosome by homologous recombination.
To generate point mutations in the pilE gene we took advantage of the pilE::kan transcriptional fusion described elsewhere which allows introduction of the chosen pilE allele at the endogenous site under the control of its own promoter (8) . Point mutations in the pilE gene were introduced with the Quickchange mutagenesis kit (Stratagene) according to the manufacturer's instructions. Q-TOF Premier instrument was operated in wide pass quadrupole mode, for MS experiments, with the TOF data being collected between m/z 400-2000 with a low collision energy of 10 eV. Argon was used as the collision gas. Scans were collected for 1 s and accumulated to increase the signal/noise ratio. The MS/MS experiments were performed using a variable collision energy (10-30 eV), which was optimized for each precursor ion. Mass Lynx 4.1 was used both for acquisition and data processing. Deconvolution of multiply charged ions into neutral species was performed using MaxEnt1 in the mass range [10 - 
Cell culture
Cells were grown at 37°C in a humidified incubator under 5% CO 2 . The human endometrial cell line HEC-1B (HTB113) and human intestinal epithelial cell line Caco-2 were purchased from the American Type Culture Collection (Rockville, Md., USA) and maintained in DMEM medium supplemented with 10% fetal bovine serum (FBS; PAA Laboratories).
The HEC-1B cell line was selected because it is extensively used in the field of Neisseria infections and it was used to demonstrate the induction of the CREN promoters when bacteria are in contact with host cells (10) . The Caco-2 cell line is an intestinal cell line that was chosen because it efficiently forms tight junctions and generates transepithelial electrical resistance.
Bacterial aggregation assay
Bacteria grown on GCB agar plates were adjusted to OD 600 =0.05 and then incubated for 2 hours at 37°C in pre-warmed RPMI supplemented with 10 % FBS with gentle agitation.
The bacterial suspension was concentrated to OD 600 =0.6 or 0.3 by a 1 min centrifugation at 15000 g followed by resuspension in medium containing 0.5 µg/ml of DAPI. Bacterial suspensions were briefly vortexed and transferred in a glass-bottom 96-well plate (Nunc, Rochester, USA). After 30 min incubation, aggregates were observed microscopically with a 4x lens and size and number determined with the ImageJ software (11) . Two images were captured per well, corresponding to the surface of most of the well. Using high magnification images each bacterium was estimated to occupy 4.6 µm 3 . This value was used to determine the number of bacteria per aggregate based on their volume. Bacterial aggregates smaller than 6 µm in diameter were not considered (about 50 individual bacteria).
Bacterial adhesion, detachment and transmigration assays
Initial adhesion assay. Experiments using the laminar flow chamber were done essentially as described (2) . HEC1B epithelial cells growing on disposable flow chambers were used (Ibidi GmbH, München, Germany). Experiments using the flow chamber were performed in DMEM supplemented with 2% serum and maintained at 37°C. The bacterial culture was diluted to 7.5x10 7 bacteria/ml and was introduced into the chamber using a syringe pump (Harvard Apparatus). Adhesion of individual bacteria was recorded using a Nikon Eclipse Ti-E/B inverted microscope with a 20x objective and a Hamamatsu ORCA03 CCD camera.
Adhesion and proliferation in static conditions. For bacterial adhesion to epithelial cells, 24
well plates were seeded with 10 5 HEC-1B cells per well and the monolayers were infected with 10 7 bacteria (MOI=100). After 1h of contact, unbound bacteria were removed by three washes and the infection was continued for 5 h. Adherent bacteria, recovered by scraping the wells, were counted by plating appropriate dilutions on GCB agar plates.
Bacterial detachment assay. Epithelial cells were grown in disposable flow chambers.
Bacteria grown on GCB agar plates were adjusted to OD 600 =0.02 in prewarmed RPMI medium containing 10% fetal bovine serum and cultivated for 2h at 37°. Cells were infected with 10 6 bacteria (MOI=100), adhesion allowed to proceed for 30 min, unbound bacteria removed by three extensive washes and infection continued for 2h in an incubator. Infected cells were then placed directly in a 0.15 dynes/cm 2 flow. DMEM supplemented with 10%
FBS was maintained at 37°C and introduced into the chamber using a syringe pump. Every hour, samples coming out of the flow chamber were collected, serial dilutions performed and a fraction was plated on GCB agar plates.
Bacterial transmigration assay. Caco-2 cells were grown on 12 mm diameter culture plate insert with 3 µm pores (Millipore, Cork, Ireland) for a period of 6 days to reach a transepithelial resistance of 600-1000 ohms/cm 2 . The upper compartment was infected at an MOI of 100, infection allowed to proceed for 4 hours, inserts transferred to a new well and bacteria were collected in the lower compartments after 90 min. Results were normalized with passage across well without cells to minimize potential interstrain differences and results presented as a percentage relative to the wild type strain.
Electron microscopy
For negative staining transmission electron microscopy, a drop of bacterial suspension in PBS (OD 600 =1) was placed on a Formvar-coated grid for 10 min. Bacteria were fixed for 5 min with 10 mM cacodylate buffer (pH7.5) containing 2.5% glutaraldehyde. Grids were then washed twice with water and stained for 10 min with 1% phosphotungstic acid, air-dried and viewed using a JEOL JEM-100CX microscope operated at 80 kV. The first stage is a quick optimization of the geometry and the packing, with a simplified non-bonded interaction (repulsive Van der Waals only). During this stage, positional restraints were used on those residues that were strictly identical to the residues in the N. meningitidis pilin. The second stage is a refinement in vacuo, using adapted nonbonded parameters (a distance-dependent dielectric, a switching function between 2 and 9 Å, and a non-bonded cut-off of 10 Å). The third stage is a short refinement in water, similar to the one used in NMR structure determination (13) . We used a water layer of 10 Å thickness and a non-bonded cutoff of 12 Å. During this stage, the harmonic positional restraints were slowly switched off. During all three stages, the initial structures were maintained in a flexible and adaptive way using log-harmonic distance restraints and automated weighting (14) .
The CHARMM19 force field was extended for the serine modifications (15) . Topology and parameter files for these modifications were obtained with the help of the PRODRG2 server (16) . The atom types were as far as possible mapped onto those of the CHARMM19 force field, or, if not possible, onto those of the CHARMM11 force field (for example, for the glycerophosphate group).
Bundles of pili were generated as symmetric antiparallel tetramers by randomly varying the distance, the rotation angle around the long axis of a pilus, and the crossing angle between pili. The energetic analysis was performed with the ACE generalized Born model implemented in CNS for symmetric systems (17) . The binding energy was estimated as the difference between the electrostatic, van der Waals and generalized Born contributions to the total energy calculated in the complex and in an isolated pilus. We used 6 for the internal dielectric and 80 for the external dielectric.
2D gel electrophoresis
The isoelectric point of the major pilin subunit in different conditions was determined by 2D gel electrophoresis followed by immunoblot and detection of PilE with specific antiserum. Infection of an epithelial monolayer growing in a 6-well plate was initiated for a period of 30 min at an MOI of 400, cells were washed, infection was allowed to proceed for 2-4 hours as indicated, rinsed with PBS and loading buffer added directly in the wells (8 M urea, 2 M thiourea, 4% (w/v) CHAPS). All samples were treated with 2D Clean-Up kit (GE Healthcare) according to the manufacturer's instructions and the resultant dry pellets were resuspended in loading buffer. Two-dimensional gel electrophoresis was performed as described previously (18) and proteins were blotted onto nitrocellulose membrane by standard western blotting procedures (19) . The PilE protein was detected with a polyclonal antiserum directed against the PilE protein (diluted 1/1000), followed by horseradish peroxydase-linked anti-IgG (Jackson Immunoresearch Laboratories, diluted 1/10000) and ECL Plus luminescence kit (Amersham Biosciences).
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Figure S1: Pilin modification with PG, structure and gene involved. 
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